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Recently, a number of new galaxy clusters have been detected by the ESA-Planck satellite, the South Pole Telescope 
and the Atacama Cosmology Telescope using the Sunyaev-Zel'dovich effect. Several of the newly detected clusters are 
massive, merging systems with disturbed morphology in the X-ray surface brightness. Diffuse radio sources in clusters, 
called giant radio halos and relics, are direct probes of cosmic rays and magnetic fields in the intra-cluster medium. 
These radio sources are found to occur mainly in massive merging clusters. Thus, the new SZ-discovered clusters are 
good candidates to search for new radio halos and relics. We have initiated radio observations of the clusters detected by 
Planck with the Giant Metrewave Radio Telescope. These observations have already led to the detection of a radio halo in 
PLCKG171. 9-40.7, the first giant halo discovered in one of the new Planck clusters. 



1 Galaxy cluster surveys 

Galaxy clusters are the most massive (masses ~ 10 14 — 
10 15 M Q ) gravitationally bound objects in the present Uni- 
verse, with dark matter dominating the gravity. The bary- 
onic matter in clusters consists of hot (10 7 — 10 8 K) intra- 
cluster medium (ICM) and galaxies. Large surveys in op- 
tical and X-ray bands have resulted in discoveries of thou- 
sands of clusters (eg. Abell et al 1980; Bohringeret al 2004). 
These surveys rely on the surface brightness of the emis- 
sion from stars in the galaxies (optical band) and on the 
thermal X-ray emission from the ICM for the detections of 
clusters. These result in 'flux-limited' catalogues of sources. 
Another signal that is used to detect clusters is the thermal 
Sunyaev Zel'dovich effect (SZ) - the spectral distortion of 
Cosmic Microwave Background (CMB) caused by inverse 
Compton scattering with the ICM (Sunyaev and Zel'dovich 
1972). This signal is independent of redshift and the inte- 
grated thermal SZ effect is expected to trace cluster mass 
with low scatter (eg. Motl et al 2005). Thus SZ cluster sur- 
veys deliver mass limited catalogues to arbitrarily high red- 
shift. Currently the South Pole Telescope (SPT, Carlstrom et 
al 2009), Atacama Cosmology Telescope (ACT, Fowler et al 
2007) and Planck Satellite (Planck collaboration 201 Id) are 
surveying the sky in mm-waves to detect clusters using the 
SZ signal. 

There are a number of clusters discovered by these tele- 
scopes that have been confirmed by deep X-ray and opti- 
cal observations. Notably, the Planck collaboration has pub- 
lished confirmation of 5 1 new galaxy clusters (Planck col- 
laboration 2011a, 2011b, 2011c, 2012a, 2012b). The vali- 
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dation of the cluster candidates was carried out by snapshot 
observations in X-rays with the XMM Newton. These newly 
discovered clusters were earlier missed by the blind all sky 
X-ray surveys such as with the ROSAT due to their low sur- 
face brightness. This is evident from the fact that the new 
clusters have flat electron density profiles (Planck collabo- 
ration 201 la) as compared to the clusters that were detected 
in surveys by the ROSAT. Thus apart from being massive, 
the newly discovered clusters using the SZ are likely to be 
merging systems with disturbed ICM. 

2 Radio observations of clusters 

Radio observations are the main probes of non-thermal ac- 
tivities in galaxy clusters. They lead to discoveries of radio 
galaxies related to active galactic nuclei (AGN), starburst 
galaxies and radio halos and relics in and around galaxy 
clusters. Knowledge of radio galaxies and starburst galaxies 
in galaxy clusters is important for learning about the accre- 
tion and feedback which are fundamental to understand the 
state of the ICM. It is now well-known that, with the thermal 
ICM are mixed a population of relativistic particles (Lorentz 
factors > 1000) and magnetic fields (~ 0.1 — l[iG). Radio 
halos and relics are diffuse radio sources associated with 
the relativistic electrons and magnetic fields in the ICM on 
~ Mpc scales. 

Radio halos are ~ Mpc size radio sources that are typ- 
ically located at cluster centers, cospatial with the X-ray 
emission. They are possibly related to the turbulence in the 
ICM injected by cluster mergers (eg. Brunetti et al 2004) or 
to the amplified magnetic fields due to merger (eg. Keshet 
2010). The secondary electron models are also being con- 
sidered, though have found less observational evidence (eg. 
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Blasi & Colafrancesco 1999, Pfrommer & EnGlin 2004, Keshetffable 1 

& Loeb 2010). Arc-like radio relics located toward periph- 
eries of clusters are believed to be accelerated plasma at 
merger-shocks (eg. Ensslin et al 1998). 

The known radio halos and arc-like relics in clusters are 
hosted by clusters that show signatures of mergers such as 
disturbed X-ray morphologies (Cassano et al 2010). There- 
fore, the newly detected clusters in SZ surveys are promis- 
ing targets for searching radio halos and relics. Even among 
those that are not new but are among the strong detections of 
Planck are massive clusters. Since some of these clusters do 
not have deep high resolution X-ray observations currently, 
the signatures of merger are not established. There is also 
evidence that radio halos occur in massive, X-ray luminous 
and hot galaxy clusters (see Feretti et al 2012 for a review 
and references therein). Thus, the Planck detected clusters 
and in general those detected using the SZ signal are likely 
to host radio halos and relics. 

Majority of the observational studies of radio halos and 
relics have been carried out at 1 .4 GHz band in which the 
VLA in its compact configurations (C and D) offered the 
best sensitivity. Radio halos and relics typically have syn- 
chrotron spectra with spectral indices a ~ —1.1 to —1.5 
(S oc v a ) - steeper as compared to standard radio galaxies 
(a ~ —0.8). The ~ Mpc extents imply angular sizes of a 
few to several tens of arcminutes in nearby (z <~ 0.4 — 0.02) 
clusters. These characteristics make them suitable for low 
frequency (< GHz) observations. In recent times, the Gi- 
ant Metrewave Radio Telescope (GMRT) has proved to be 
an efficient instrument with its low frequency (150-610 
MHz) capabilities for studying radio halos and relics (eg. 
Venturi et al 2007, 2008; Brunetti et al 2008; Giacintucci 
et al 2008; Macario et al 2010; Kale & Dwarakanafh 2010, 
2012). 



Candidates among the Planck clusters 



3 GMRT observations of Planck clusters 

We have initiated a radio observations of galaxy clusters se- 
lected from the SPT sample (Williamson et al. 2011) with 
the Australia Telescop Compact Array and the Planck Early 
SZ (ESZ) catalogue (Planck collaboration 2011a) with the 
GMRT. In this paper we discuss our work on the clusters 
selected from the ESZ. 

The clusters detected in the ESZ catalogue were exam- 
ined in the NRAO VLA Sky Survey (NVSS). The NVSS 
(Condon et al 1998) is a survey at 1.4 GHz with the VLA in 
D configuration of all the sky north of declination —40° . It is 
sensitive to extended emission of the size of up to 15'. Sev- 
eral of the presently known radio halos and relics have been 
discovered from the NVSS (eg. Giovannini, Tordi & Fer- 
etti 1999 ; Bagchi et al 2006). All the clusters that showed 
the presence of extended sources of size > 500 kpc were 
proposed for observation with the GMRT to confirm the na- 
ture of the extended emission (Table 1). As an example, we 
show here the NVSS map of the cluster PLCKG200.9-28.2 
(Fig. 1). The elongated source at the southern edge of the 



Cluster 


z 


Planck 


name 




S/N 


Abell 1795 


0.0622 


12.4 


Abell 0478 


0.0882 


12.8 


Abell 2302 


0.1790 


6.5 


PLCKG171.94-40.65 


0.2700 


10.6 


HI 82 1+643 


0.2990 


6.9 


MACS J1731.6+2252 


0.3890 


7.3 


RXCJ 1206.2-0848 


0.4414 


7.3 


MACS Jl 149.5+2223 


0.5450 


7.1 


PLCKG200.9-28.2 


0.22 


5.2 



Note: The Planck signal to noise is reported from Planck collabo- 
ration 201 la, 2012a. 



X-ray emission does not have any obvious optical counter- 
part. Its location at the edge of the cluster, along the same 
direction as the elongation in the X-ray distribution makes 
it a promising candidate for a radio relic. 

GMRT observations of 8 clusters were carried out in 
Cycle 21 (Oct. - Nov. 2011) in the dual frequency band 
(610, 235 MHz) and of PLCKG200.9-28.2 will be carried 
out in Cycle 23 (Table 1). The clusters selected for GMRT 
observations span a redshift range of 0.06 to 0.55. To de- 
tect extended structures of ^1 Mpc extents at these red- 
shifts, a telescope with a capability of detecting angular 
scales ~ 15' — 3' is required. In addition, sufficient reso- 
lution to separate point sources from the extended emission 
is needed. The GMRT antennas are distributed in a hybrid 
configuration that consists of a central compact array and an 
extended Y-shaped array. At 610 and 235 MHz, it is possible 
to image angular scales up to <~ 17' and ~ 44', respectively. 
The highest possible resolutions at 610 and 235 MHz are 
- 5" and - 13" (FWHM), respectively. With - 5 hr ob- 
servation of each field, sensitivities of 50 — 80 [i}y beam -1 
at 610 MHz and 0.2 — 0.4 mJy beam -1 are expected to be 
achieved. 

The first outcome from these GMRT observations was 
the detection of a new giant radio halo in the cluster PLC KG 1 7 1 .9-§ 
40.7 (Plckl71, hereafter) (Giacintucci et al 2012, submit- 
ted). 



4 A radio halo in Plckl71 

The cluster Plckl71 is a newly detected cluster with the 
Planck and confirmed with the XMM Newton. It is located 
at RA 03hl2m57.4s DEC +08d22ml0s (J2000). It has a 
redshift of 0.27 and X-ray luminosity (0.1 - 2.4 keV) of 
1.13 x 10 45 erg s -1 (Planck collaboration 201 la). The anal- 
ysis of XMM Newton data shows that the X-ray surface bright-| 
ness is elongated in the northwest-southeast direction (Fig. 
2, colour). The temperature of the cluster is estimated to be 
^10 keV. The X-ray morphology and temperature of the 
cluster suggest a merger in Plckl71. 
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Fig. 1 Plck200: Smoothed XMM Newton image 
(HEASARC) shown in colour with contours of NVSS 
(-1, 1, 2, 4, 8, 16, 32, 64 mJy beam" 1 ) overlaid. The 
horizontal segment denotes a distance of 1 Mpc at the 
redshift of Plck200. The elongated source located south of 
the X-ray emission is the suspected radio relic. 

The radio halo suspected from the NVSS images was 
confirmed with the GMRT 235 MHz observations (Fig. 2, 
contours) and a re-analysis of the NVSS data. The radio 
halo has a size of ~ 1 Mpc, typical of giant radio halos 
(eg. Feretti et al 2012). 

5 Discussion 

The discovery of new galaxy clusters with the SZ-effect 
shows that X-ray telescopes are not sufficient to trace all the 
galaxy clusters. These newly detected clusters affect the sta- 
tistical studies that are based on samples of galaxy clusters 
selected from X-ray flux limited catalogues. We illustrate 
this point using the cluster Plckl71. The cluster Plckl71 
is in the redshift and X-ray luminosity range in which the 
GMRT Radio Halo Survey (GRHS: Venturi et al 2007, 2008)| 
was carried out. The discovery of Pick 171 itself and further 
of the radio halo can bias the statistics of the occurrence 
of radio halos obtained from X-ray-selected cluster samples 
such as the GRHS. We will investigate this using the results 
obtained on the nine clusters listed here. 

Correlations between the radio power of radio halo and 
cluster parameters such as X-ray luminosity, temperature 
and mass have been explored to find the clues to the ori- 
gin of radio halos. In the X-ray luminosity (L x ) and radio 
power at 1.4 GHz (Piaghz) plane, the clusters with ra- 
dio halos and those without are well separated (Brunetti et 
al 2009). The clusters with radio halos also follow a scal- 
ing of radio power with X-ray luminosity (eg. Cassano et 



al 2008). Recently, a correlation between the integrated SZ 
signal (Y) from the cluster and Piaghz has been reported 
(Basu 2011). The scaling relations imply a connection be- 
tween the thermal and non-thermal components in the clus- 
ters, if found significant over a large range of parameters. 
The cluster Plckl71 follows both, the L x — P\aghz and 
the Y — Piaghz correlations (Giacintucci et al 2012, sub- 
mitted). 

In general, a large number of clusters need to be sur- 
veyed in order to establish the statistical significance of the 
empirical correlations. With the present observing capabili- 
ties, sensitive radio surveys of galaxy clusters take long pe- 
riods to reach completion. In future, surveys with instru- 
ments such as the LOFAR (www.lofar.org) and LWA 
( http://www.phys. unm.edu/Mwa/index.html) are expected to| 
deliver sensitive images of the sky at low frequencies (20 - 
200 MHz). With the availability of large statistical samples 
of galaxy clusters that are radio surveyed, it will be possible 
to study the implications of the scaling relations and test the 
present theoretical models. 

6 Summary 

Radio observations of Planck clusters, especially at low fre- 
quencies (< 1.4 GHz), are interesting to detect new radio 
halos and relics. Planck detected clusters that have possible 
diffuse radio emission in the NVSS images are being ob- 
served with the GMRT at 610 and 235 MHz. Eight clusters 
have already been observed and one more, with a suspected 
relic, will be observed. Detection of a new radio halo in the 
cluster Plckl71 is the first result from these observations. 
The analysis of data on other clusters is ongoing. The re- 
sults will be used to study the impact of these clusters on the 
known statistical properties of radio halos and relics based 
on X-ray selected cluster samples. 
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Fig. 2 GMRT 235 MHz image of the radio halo (con- 
tours) overlaid on XMM Newton X-ray image (Giacintucci 
et al. 2012, submitted). The '+' symbols denote the lo- 
cations of discrete radio sources from the 610 MHz map. 
These sources have been subtracted from the 235 MHz im- 
age. 
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